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Benign central vein obstructions can be efficient-
ly treated by angioplasty and stent placement.1
Migration of the stent,2,3 infection, thrombosis, and
restenosis due to neointimal hyperplasia are the main
complications. Stent compression or fracture has
been described in locations prone to external com-
pression (neck, groin, limbs), including the subcla-
vian veins.4 In more central locations, stent patency
has been encouraging.1,5,6 We report two cases of
unexpected stent compression in the left brachio-
cephalic vein.
CASE REPORTS
Case 1. A 55-year-old woman presented with sig-
nificant left arm swelling and development of superficial
collateral veins. The patient, known to have an end-stage
renal insufficiency secondary to autosomic polycystic
kidney disease, had developed progressive arm edema 3
months after creation of a native brachial arteriovenous
(A-V) fistula for hemodialysis. Color duplex scanning
showed collateral veins in the supraclavicular space and
stagnation of flow in the subclavian vein. Subsequent
venography depicted a preocclusive stenosis of the
innominate vein (Fig 1, A). This could be explained by
the placement of a left subclavian central line for renal
cyst infection 2 months before creation of the A-V fistu-
la. Increase of the venous flow after surgical construction
of the A-V fistula, combined with the central vein steno-
sis, caused edema of the arm. The surgeon and patient
rejected closure of the fistula, so endovascular therapy
was considered. Through use of a jugular vein approach
with an 8F sheath, the stenosis was first dilated with a
12-mm diameter balloon (Wanda 12 × 40 mm, Boston
Scientific, Natick, Mass). A concentric waist on the bal-
loon was observed; this disappeared at a high inflation
pressure rate of 9 atm. Angiographic control was clearly
suboptimal because of recoil; therefore, a Palmaz stent
(PS 564, Cordis, Miami, Fla) was placed through use of
the 12-mm balloon (Fig 1,B). Lesion coverage was opti-
mal, and precise placement could be achieved without
significant protrusion into the superior vena cava. Low
molecular heparin was given for 2 days. Dramatic and
rapid decrease of the arm congestive syndrome was
observed within 48 hours. However, swelling of the arm
recurred 2 months later. Fistulography and fluoroscopy
demonstrated considerable collapse of the central part of
the stent (90% stenosis) and possible stent meshwork
fracture (Fig 1, C). A spiral computed tomography (CT)
scan clearly documented the position of the stent, which
appeared compressed among the manubrium, the aortic
arch, and the emerging right brachiocephalic artery (Fig
1, D). Aortic arch aneurysm and osseous malformation
of the manubrium could be excluded. The patient was
discharged without anticoagulation therapy. Progressive
decrease of the arm swelling was observed within 2
months. The patient was treated with dialysis through a
right jugular Hickman catheter and underwent success-
ful kidney transplantation 4 months later. One year later,
the fistula has been closed.
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Case 2.  A 35-year-old woman with diabetes 
presented with left arm swelling after placement of a left
jugular central line. Three years previously, she had
received a combined kidney and pancreas transplant and
was treated for chronic rejection. A left brachial A-V fistu-
la had been created before transplantation and was still
functional. Duplex scanning showed acute thrombosis of
the subclavian vein. The catheter was retrieved and anti-
coagulation therapy was started. Because of persistent
venous congestive symptoms (arm swelling, pain) a venog-
Fig 1. Woman aged 55 years receiving chronic hemodialysis had lateralized superior vena caval syn-
drome with diminished output of arteriovenous fistula. A, Preangioplasty fistulography shows severe
stenosis of left brachiocephalic vein (arrow) with marked development of collateral vessels. B,
Venogram obtained after deployment of 12 × 50-mm balloon-expandable Palmaz stent (PS 564)
demonstrates accurate positioning of stent. Stenotic segment has been completely covered, and there
is minimal protrusion of stent into superior vena cava. Notice the nice hemodynamic result demon-
strated by absence of filling of previously described collateral veins. C, At 2 months, obstructive symp-
toms recurred. Oblique fluoroscopic view shows Palmaz stent appearing severely crushed in its central
portion (arrows). D, Sagittal reconstruction from non–contrast-enhanced spiral CT scan shows com-
pressed stent located between manubrium and emerging right brachiocephalic artery and aortic arch
(arrowheads).
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raphy was performed 3 weeks later. A significant (80%)
stenosis of the innominate vein as well as a stenosis of the
axillary vein was observed. Two weeks later, successful
angioplasty of the axillary vein (with 10-mm and 12-mm
balloons) was performed through a brachial vein
approach, and a 12 × 40-mm self-expandable nitinol stent
(Sinus-Stent, Optimed, Ettlingen, Germany) was placed
into the stenotic left brachiocephalic vein after unsuccess-
ful angioplasty. Placement and expansion of the stent was
optimal after additional intrastent balloon dilatation. Six
month later, a venogram showed almost complete occlu-
sion of the stent (Fig 2, A). Chest CT scanning, per-
formed for a specific chest pain, confirmed lamination of
the stent between the manubrium and the aortic arch (Fig
2, B). As in the previous case, no secondary intervention
was proposed because the mechanism of stent failure
appeared to be an external compression. Intrastent bal-
loon dilatation or additional coaxial stent placement
would certainly have only temporarily resolved this prob-
lem. Two months later, edema of the arm had almost
completely disappeared. Ungraceful superficial collateral
veins, visible on the shoulder and left chest wall, were the
only remaining clinical findings. The A-V fistula had not
been closed, and dialysis through this access was possible
for 2 years after transplant failure despite chronic occlu-
sion of the stented left brachiocephalic vein.
DISCUSSION
Hemodialysis-related venous stenosis and central
venous stenosis after prolonged use of central lines
or dialysis catheters are well-known complications.7
Those stenoses develop mainly in the ipsilateral sub-
clavian vein and occur even several months after
catheter retrieval. Most benign venous obstructions
develop slowly with concomitant formation of col-
lateral veins so that patients are often asymptomatic.
High-grade stenoses that do not develop these col-
laterals or flow increase secondary to the presence of
an ipsilateral A-V fistula can cause severe venous
congestive symptoms. In such cases, closure of the
A-V fistula can be sufficient to resolve the symp-
toms, but eventually a new vascular access for
hemodialysis must be created. An alternative is to
treat the underlying stenosis. Reconstructive venous
surgery for central venous obstruction is highly inva-
sive, technically challenging, and associated with a
high morbidity. Currently, there are no large series
of large vein reconstructive surgery that demonstrate
long-term patency.8 Prosthetic materials also show
poorer patency in the venous system than in arterial
applications. Creation of a functional and sufficient-
ly large venous bypass graft is challenging. A peri-
cardial tube bypass and composite spiral vein graft
constructed from a saphenous vein to create such a
large conduit are the preferred grafts.9 Placement of
endoluminal stents circumvents many shortcomings
of both medical and surgical treatment. The place-
ment of stents is relatively atraumatic, use of anti-
coagulation is limited, and stents become incorporated
in the venous wall with nearly normal endothelium.10
Fig 2. Woman aged 35 years treated with 12 × 40-mm nitinol self-expandable stent (Sinus-Stent) 6
months previously presenting with recurrent arm swelling and development of superficial collateral
arm and chest veins. A, Fistulography shows almost complete reocclusion of stented left brachio-
cephalic vein (open arrowheads) and collateralization, mainly through enlarged lateral thoracic and
internal mammary vein. B, Axial CT scan shows compressed stent located between manubrium ante-
riorly (arrowheads) and aortic arch (*) posteriorly.
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According to the literature, large central veins are
less prone to restenosis due to intimal hyperplasia,6
and central venous stents have a better patency rate
than percutaneous transluminal angioplasty alone.5
Long-term benefit is still debatable, and reinterven-
tion rates are probably high.11 High-pressure bal-
loons are recommended in these fibrotic stenoses,
and stents are implanted when significant (>50%)
elastic recoil occurs after percutaneous transluminal
angioplasty.
A number of metal stents have been developed.
The Palmaz stent has the highest resistance force but is
completely inelastic. Self-expandable stents show lower
resistance,12 but they accurately conform to the natu-
rally compliant vessel wall of veins, allowing for volume
changes in the patient’s vascular space and vessel diam-
eter modifications induced by flow pulsation or respira-
tion. Oversizing (by 2-4 mm) of any type of stent in the
venous system is important to assure a close stent-to-
vessel wall contact and avoid stent migration. Accurate
positioning of the Wallstent (Schneider-Boston
Scientific) can be challenging. Considerable shortening
of this stent can occur not only during deployment but
also weeks after placement, with possible stent migra-
tion or lesion uncovering.11
Regarding the left brachiocephalic vein, the main
problem is proper positioning of the stent. Major
protrusion into the vena cava must be avoided to pre-
serve contralateral flow and secondary placement of
venous lines. However, protrusion by several mil-
limeters is usually essential to obtain complete lesion
covering.
It should be kept in mind that the left brachio-
cephalic vein curves in front of the aortic arch and
that on an anteroposterior fluoroscopic view the dis-
tal end of the stent may appear to project into the
vena caval lumen even if the brachiocephalic-caval
junction is not completely crossed. The Sinus-Stent,
approved in Europe, is considered to be the self-
expandable stent with the highest radial force.
Because of the insignificant foreshortening of this
nitinol stent during expansion (precise placement
thus being possible) and because of its high radial
strength and flexibility, we found it to be particular-
ly well suited for a brachiocephalic placement.
As shown in this case report, we were unable to
avoid crushing of the stent, which appeared not
only with the rigid balloon-expandable Palmaz
stent but also with the self-expandable nitinol stent.
The particular anatomic location of the innominate
trunk or left brachiocephalic vein is the only expla-
nation for such a mechanical constriction. This vein
passes in a space delineated anteriorly by the poste-
rior osseous cortical of the manubrium, posteriorly
by the aortic arch, and more cranially by the emerg-
ing right brachiocephalic artery. These structures
are highly resistant. Pulsation of arterial vessels in
conjunction with respiratory motions of the chest
wall reduces the space between the sternum and the
aortic arch during expiration and could thus explain
the mechanical constraints that rapidly lead to an
external “two-point” compression of the stent in
the anteroposterior axis. In support of this state-
ment, there has been a reported case of occlusion of
a left common iliac vein stent that appeared to be
compressed between the spine and the right com-
mon iliac artery.13 Furthermore, a venographic
study, conducted to explain the asymmetry in signal
intensity of the sigmoid sinus and internal jugular
veins on routine magnetic resonance imaging stud-
ies (20 of 226 patients), revealed that the left bra-
chiocephalic vein can be compressed to occlusion
between the aortic arch and the sternum during
tidal volume ventilation.14 Finally, we also observed
a case of “right” brachiocephalic stent compression
in a patient receiving hemodialysis who was treated
with a Palmaz stent for a benign catheter induced
stenosis. A conflict between the manubrium or right
sternoclavicular joint and the right brachiocephalic
arterial trunk could be responsible for this event.
It should be emphasized that those findings are
very different from stent compression appearing in the
mid portion of a subclavian vein. In this location, the
clavicular bone, first rib, and scalenus anterior muscle
develop repeated extrinsic compression on the vein
during arm movements, clearly promoting stent col-
lapse. It is therefore recommended to avoid stenting
subclavian veins. In patients with thoracic outlet syn-
drome in whom the so-called effort thrombosis or
Paget-Schroetter syndrome is produced, surgical
removal of the first rib and transsection of the scalenus
anterior muscle are therefore mandatory before patch
angioplasty, replacement of the abnormal section of
the vein,4 or stenting.
To our knowledge, this is the first report of com-
pression of a self-expandable stent and a rigid bal-
loon-expandable stent in the left brachiocephalic
vein. Although stents are considered to be safe and
useful in central vein stenoses, these two cases
demonstrate that stent compression can occur even
inside the thorax. At the present time, stent designs
and compositions are unable to overcome compres-
sion by the chest wall and pulsating arterial struc-
tures, at least in some cases. Therefore, we recom-
mend being restrictive in stent placement for isolat-
ed benign venous stenosis or thrombosis of the left
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brachiocephalic vein. The situation may be different
in malignant stenoses or occlusions in which a rapid
and short term relief of symptoms is needed.
As is well known, progressive clinical regression
of venous congestive symptoms can be expected with
the development of collateral veins. Anticoagulation
and, if possible, closure of an ipsilateral dialysis A-V
fistula should be considered in the first place, at least
in a patient with a good life expectancy.
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